High-resolution electrical resistivity measurements (,d/dT) were performed in three series of ͓Fe 30Å Cr tÅ ͔ multilayers in the temperature range 15-300 K, both at zero and under saturation magnetic field. The different series were prepared by MBE on MgO ͑100͒ substrates, by sputtering on MgO ͑100͒ substrates, and by sputtering on Si ͑100͒ substrates. In the temperature range 15 K Շ T Ͻ 50 K we always observe ϭ ␤T 3 where ␤ is a sample-dependent constant, indicating the dominance of phonon-assisted interband (s-d) electron scattering ͑ ϰ T 3 when T Ӷ ⍜ Debye ͒. For the samples grown on MgO we observe that ␤ decreases with t͑Cr͒ whereas for the samples grown on Si, the coefficient ␤ increases with t. For T Ͼ 150 K the resistivity attains the classical dependence with ϰ T also predicted by this s-d model. In spite of these differences our results show that ϭ ␤ f (T) where f (T) is the same function of temperature for all the different samples studied.
INTRODUCTION
Previous coarse measurements of the electrical resistivity of Fe/Cr multilayers were analyzed in terms of electronmagnon scattering, giving an approximately quadratic dependence of (T) over the temperature range 20 KϽTϽ100 K. 1 Also, it has been known for some time that giant magnetoresistance is very sensitive to film preparation conditions, mainly due to the dependence of the magnetic coupling on the quality of the multilayer modulation, crystallographic orientation, etc. 2, 3 In order to deepen our understanding of these problems we have performed a detailed comparative study of the temperature dependence of the electrical resistivity ͑͒ and its temperature derivative (d/dT) on three sets of ͓Fe 30Å /Cr tÅ ͔ ϫ 10 multilayers deposited by different techniques ͑MBE, sputtering͒ over different substrates ͑MgO and Si͒. Our objective is to identify dominant electron scattering mechanisms by using detailed measurements of the temperature derivative of the electrical resistivity, and to reveal structural film differences arising from different growth conditions.
One series of samples was deposited by MBE over MgO ͑100͒ substrates, with Cr-layer thicknesses tϭ9, 18, 21, 39, and 57 Å. Another series was deposited by sputtering on MgO ͑100͒ substrates, with tϭ10, 15, 17, 18, 19, 22, 37, and 39 Å. The third series was deposited by sputtering over Si ͑100͒ substrates, with tϭ10, 16, 22, and 39 Å. Details of the deposition techniques were reported elsewhere. 4 The electrical resistivity measurements were performed in the temperature range 15-300 K using the standard fourprobe technique. Absolute values were obtained with the Van der Pauw method. Figure 1 shows the temperature dependence of the intrinsic electrical resistivity i ϭϪ 0 ͑ 0 is the residual resistivity͒ in the temperature range 15ϽTϽ300 K, for the three sets of samples. Also shown is the corresponding d/dT temperature dependence for TϽ150 K. We distinguish two different types of behavior between the three sets of samples. In the samples deposited on MgO ͑by MBE and sputtering͒ the intrinsic resistivity and its temperature derivative decrease with increasing t͑Cr͒ thickness whereas the reverse effect occurs in the multilayers deposited on Si. In principle, in the temperature range reported here, electron-phonon (s-s), electron-magnon, and phononassisted interband (s-d) electron scattering may be operative. 5, 6 It has been claimed that electron-magnon scattering, giving a T 2 dependence in , is dominant in the temperature range 20-100 K. 1 Strictly this would lead to a linear temperature dependence in d/dT, which is not supported by our d/dT data ͓Figs. 1͑d͒-1͑f͔͒.
RESULTS AND DISCUSSION
In fact, for 15 KՇTϽ50 K we observe a T 2 dependence in d/dT for all the Fe/Cr multilayers studied, as shown in Fig. 2 . This means that i ϭ␤T 3 , suggesting the dominance of phonon-assisted interband s-d electron scattering 6 in that temperature range ͓ sd ϰlattice specific heatϰ͑T/⍜͒ 3 when T is considerably less than the Debye temperature ⍜; 5 ⍜ϳ450 K in our case͔. From the linear fits shown in Fig. 2 we have determined ␤ for all the measured Fe 30Å Cr tÅ multilayers. The apparently small role played by electron-magnon scattering could be due to the fact that magnons cannot extend over the whole multilayer due to interface roughness and defects. The relative contribution of the spin-flip term, coming from collision with extended magnons, is then small as remarked earlier. 7 For TϾ50 K the exponent n ͑in ϳT n ͒ progressively decreases, reflecting the expected decay of lattice quantization effects and leading to the classical linear increase of the resistivity with temperature ͑nϭ1; Tտ150 K in our case͒.
Besides zero-magnetic-field measurements, we have also performed , d/dT measurements under magnetic saturation in the same temperature range. We observe a systematic decrease in the absolute resistivity due to the magnetoresistance effect, but the intrinsic resistivity i (T)ϭ(T)Ϫ 0 again follows a i ϭ␤T 3 dependence in the temperature range ϳ15-50 K, with slightly higher ␤ values than in zero field. 
thickness, whereas for the samples deposited on Si the ␤ coefficient increases with t͑Cr͒. The observed dependence of the residual resistivity on the Cr-layer thickness is shown in the inset of Fig. 3 . Strikingly, the 0 vs t͑Cr͒ dependence is similar to that of ␤ vs t͑Cr͒, indicating a correlation between them.
By plotting the intrinsic resistivity i k for different samples k, at any temperature, as a function of the corresponding ␤ k coefficient ͑obtained from the low temperature fits referred above͒, we find good straight lines through the origin, containing the experimental points from all the samples studied here, at that particular temperature ͑Fig. 4͒. This means that the intrinsic resistivity can be written as
where f (T) is a universal function of temperature, going as T 3 at low temperatures and as T at high temperatures. This suggests the dominance of a single physical mechanism in the electrical resistivity over the whole temperature range, ϳ15-300 K, for all the Fe/Cr multilayers studied. This mechanism is here attributed to phonon-assisted interband s-d electron scattering. The slope of the linear fits to the i k vs ␤ k shown in Fig. 4 is slightly higher for samples measured at saturation field than the corresponding one in the samples measured at zero magnetic field. This means that the function f (T) is slightly different in both cases, which arises from the temperature dependence of ⌬ϭ͑T,Hϭ0͒ Ϫ͑T,HϾH sat ͒. In our AF-coupled samples ⌬ is proportional to T 2 at low temperatures, as expected for strong antiferromagnetic coupling as in Fe/Cr multilayers. 
